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Abstract 
Since hydromorphology in about 80% of German streams and rivers is degraded toa high de- 
gree, increased efforts in hydromorphological renaturalization are necessary. A measurement 
of the success of the first realized projects hows that improvement in stream morphology 
has a remarkably positive influence on aquatic ecology. An example of a restored stretch of a 
lowland stream in Saxony-Anhalt is used to describe the possibilities of success measure- 
ment programs for improvement of poor renaturalization. Therefore, a combined morpho- 
logical and hydrobiological approach was developed. An integrated ecological assessment is 
possible by using the multimetric index EQI M (Ecological Quality Index using benthic 
Macroinvertebrates) and the GFI (German Fauna Index). The latter epresents a tolerance 
measure to evaluate the hydromorphological status of a site by using certain taxa that indi- 
cate either positive or negative physical attributes. To consider the special characteristics of 
the stream in its landscape unit, specific reference conditions ('Leitbild') were defined for 
macroinvertebrate communities by sampling comparable but undisturbed streams in the 
same landscape unit. Only the combination ofbiological indices, hydromorphological map- 
ping and comparison tothe reference status allows for an expressive evaluation of renatural- 
ization measures and precise conclusions for their improvement. 
Key words: EU-Water Framework Directive (EU-WFD) -renaturalization - lowland stream 
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Introduction 
Demands of the European Water Framework Direc- 
tive for renaturalization 
The implementation f the European Water Framework 
Directive (EU 2000) has set the legal framework for the 
sustainable management of water esources in Germany 
at federal and state levels for the next decade. This offers 
a better basis for the implementation f integrated strate- 
gies for the protection of waterbodies that take into ac- 
count the complexity of anthropogenic influences and 
define quantitative environmental quality aims (OVER- 
MANN 2003). 
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The main objective of the EU-WFD is to reach a 
'good ecological status' for all European water bodies by 
the end of 2015. For this, the directive demands 
• a holistic view of groundwater and surface water, 
• trans-border management of water bodies in their 
whole catchments, 
• the combined use of emissions and immissions to 
assess the impacts, and 
• the transparency of management plans, measures 
and costs. 
Status and prospects of streams and rivers 
in Germany 
There is no doubt hat only water bodies with a more or 
less natural hydromorphology can fulfill their ecological 
functions (GUNKEL 1996). A successful renaturalization 
(and revitalization) is characterized by an enhancement 
of species diversity and conservation value and an in- 
creased potential for self-purification (LODERITZ & 
HENTSCHEL 1999; HEmENWAG et al. 2001). However, the 
hydromorphological st tus of most streams and rivers in 
Germany is poor at present: Of about 600 000 km of 
rivers and streams in Germany, the hydromorphology of 
80% is clearly, noticeably, heavily, or excessively dis- 
turbed (LAWA 2002; FELD et al. 2002; RAVEN et al. 
2002). For this reason BRAUKMANN et al. (2001) con- 
cluded that hydromorphological deficiencies have be- 
come the most important pressure on running waters. 
To overcome these deficiencies, aquatic ecologists, 
environmental authorities and environmental organiza- 
tions are guided by a framework of several laws, imple- 
mentation rules and management plans, which are sum- 
marized by Lr2DERITZ (2004). 
Unfortunately, there are also some serious factors that 
hamper efforts in stream renaturalization including nar- 
row public budgets and deficits in execution of laws 
(LODERITZ 2004). 
However, the responsibility for deficits often also lies 
with hydraulic engineers and limnologists because most 
renaturalization measures do not actually deserve this 
name. In about 80% of a l l  cases, forecasted improve- 
ments are either eached only to a low degree or not at all 
(GUNKEL 1996). 
Thus, there is no doubt that, for example, the ad- 
vanced stream program of Saxony-Anhalt, which con- 
tains a detailed strategy for a total of 1300 km of 
streams, will hardly be realized with the expected suc- 
cess. Continuing at the present speed, it would take more 
than 1000 years to finish! 
This is the reason why non-governmental organiza- 
tions (NGOs) like BLIND (German Association of Envi- 
ronmental nd Nature Conservation), some environmen- 
tal authorities, and research institutes like the Institute of 
Water Management and Ecotechnology of the Universi- 
ty of Applied Sciences Magdeburg have started several 
efforts to improve the situation (LODERITZ 2004). 
Of these fforts, the development of a system of qual- 
ity assessment and success measurement has a special 
relevance. It is the most important precondition for the 
further improvement of strategies, implementation of re- 
naturalization projects, and reduction of expenses and 
negative nvironmental and human impacts. 
The objective of this study was to develop amacroin- 
vertebrate-based ystem of quality assessment and mea- 
surement of success. Macroinvertebrates were chosen as 
indicator organisms because 
• they are present in a high number of species, 
• most species have different demands on habitat 
quality (high indicator value), 
• macroinvertebrates are easy to catch, and 
• they are able to quickly (re)settle stream reaches. 
Our approach was developed with special reference 
to a comprehensive revitalization project at the Ihle, a 
stream in Saxony-Anhalt. 
Materials and Methods 
Location and status of the investigated stream 
The Ihle River is a small, sand-bed lowland stream to the 
northeast of Magdeburg (Germany, Saxony-Anhalt) in
the Fl~iming, ahilly landscape with altitudes between 45 
and 80 m a.s.1. (Fig. 1). It is a typical owland stream 
with a slope of less than 0.2%. Bed sediments consist of 
a mixture of sand and gravel: larger grain sizes play a 
very minor role with a coverage of less than 2%. The 
river is 32.2 km long and drains a catchment of nearly 
200 km 2 (Fig. 2). The mean discharge is0.5 m3/s and the 
mean high water discharge is estimated at 2.4 m3/s 
(gauging station Grabow). 
Since medieval times, the hydromorphology of the 
Ihle River has frequently been altered, mainly to satisfy 
energy supply demands (water mills). In recent decades 
however, the major interest has been the use of the river 
valley for agricultural purposes. For this reason, the 
river course was relocated to the valley edge in the early 
1960s. Since 1990, the water quality of the river has 
rapidly increased ue to improvements in wastewater 
treatment within the watershed. Some single projects 
were implemented to increase the longitudinal ecologi- 
cal permeability of the stream, most of which involved 
using fish ladders or bypass tretches to overcome barri- 
ers like weirs or other transversal bed structures. 
Renaturalization measures 2001 and 2002 
The planning for the renaturalization f a stretch of the 
Ihle River began in 1993 as a compensation measure for 
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Fig. 3. Situation of the Ihle River before (small figure) and after (big figure) the provisional finish of the renaturalization project in 2002. 
the reconstruction f the A2 highway, which connects 
Berlin and Hannover. The main objective was to move 
the stream back into its former bed in the valley over a 
stretch of approximately 1600 m (see Fig. 3). This was 
to enable the river to develop naturally and dynamically 
within the valley and to create and model its own flood- 
plain. Due to the unknown dynamic potential of the river 
and the geomorphologic adjustment in the renaturalized 
section, a sedimentation basin was built at the down- 
stream end. 
The renaturalization project was not limited to the 
Ihle River itself but also included the Kammerforth- 
graben, a former tributary. The restoration was finished 
in spring 2002 after the long process of obtaining the 
necessary legal permissions. The costs amounted to 1.5 
million Euros, most of which was spent o buy the river 
valley area. This was necessary toensure adynamic and 
natural hydromorphological development in this area 
unrestricted bythe demands of other land owners or land 
users. 
The situation after the project was dissatisfactory due 
to problems of ongoing erosion of parts of the river bed. 
As a result, the river bed was deeply scoured in a large 
part of the renaturalized stretch (Fig. 4). Other stretches 
showed uniform development without sufficient habitat 
diversity. Moreover, a steep bed ramp, which also 
caused alentic backwater, reduced the linear connectivi- 
ty of the stream. 
In spring 2002, the Magdeburg Institute for Water 
Management and Ecotechnology was awarded a con- 
tract both to measure the success of the renaturalization 
and to develop astrategy to improve the ecological situ- 
ation within the investigated stream stretch by using a 
combined geomorphological and hydrobiological p- 
proach. The project was funded by the Saxony-Anhalt 
Authority for Flood Control and Water Management 
(Landesbetrieb ftir Hochwasserschutz und Wasser- 
wirtschaft). 
Methods of measurement of success 
1. Geomorphology and hydrology 
The measurement of success of geomorphological alter- 
ations focused mainly on the newly created stream bed. 
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Fig. 4. The Ihle River after the provisional finish of the renaturalization project in spring 2002 (taken from cross profile 11, see Fig. 6). 
Therefore, the field measurements concentrated on sur- 
veying 27 marked cross profiles within the renaturalized 
stretch (see Figs. 5 and 6). The cross profiles were taken 
between May 2002 and January 2003 and incorporated 
into the assessment of the stream flow conditions. Water 
levels were measured continuously at two temporary 
gauging stations within the renaturalization area at the 
Ihle River and the Kammerforthgraben. The results were 
combined with the data obtained at the gauging station 
near Grabow. This gauging station has been operated by 
the responsible water authority since 1974. A flood event 
occurred uring the investigation period on July 7, 2002. 
The discharge was measured at 5.79 m3/s and the recur- 
rence interval was calculated at 10-20 years (average 
discharge: 0.49 m3/s). It was the third largest event 
recorded since 1974. 
The marked cross profiles were measured in detail in 
May 2002, August 2002 and January 2003. Fig. 5 shows 
cross profile 13 as an example. Each cross profile in- 
cluded between 14 and 25 single points, depending on 
its width. They were taken to calculate the erosion and 
accumulation processes within the river bed (Fig. 5). 
2. Hydromorphology 
Using the methods of ecomorphological mapping ac- 
cording to LAWA (2000), 1.6 km of the new stream 
course and 1.2 km of the old stream course were mapped 
and evaluated. The following main parameters were 
recorded: stream course d velopment, longitudinal pro- 
file, cross profile, bed structure, bank structure and ri- 
parian area. 
These six main parameters are broken down into 27 
single parameters. The hydromorphological status (Struk- 
turgt~teindex) is classified into seven quality classes: 
• Class 1: unchanged, natural morphology; 
• Class 2: slightly changed, unimportant changes 
which obviously do not influence the functionabili- 
ty of the water body; 
• Class 3: moderately changed, changes in morpholo- 
gy are obvious and have a significant impact on the 
ecology of the waterbody; 
• Class 4: clearly changed, water body shows a clear 
deviation from its natural status and is straightened 
and lined to a degree of up to 50%; 
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• Class 5: markedly changed, straightening and lin- 
ing reach 100%; 
• Class 6: heavily changed, natural dynamics are pre- 
vented by bank pavement and lining; 
• Class 7: excessively changed, completely channel- 
ized. 
The morphology was assessed by comparing undis- 
turbed stream reaches in the same landscape unit with 
the mapped sites. 
3. Hydrobiology 
In March/April and in August 2002, and again in 
March/April and June 2003, macroinvertebrate sp cies 
were sampled in four reaches of the new stream course 
(Fig. 3). Stretch 1 is a 100 m long constructed meander 
with a profile that is too deep due to a relatively high and 
steady current velocity. Stretch 2is a 40 m long riffle sec- 
tion with a relatively high current velocity, stretch 3 in- 
cludes the steep bed ramp (length: 30 m), and stretch 4 is 
a 100 m long section of lentic backwater upstream of the 
ramp. Furthermore, a 100 m long stretch of the old 
stream course was included in the sampling program. 
The sites were sampled using an extended version of the 
multihabitat sampling technique according to HERING et 
al. (2003), which included all microhabitats (mineral and 
organic bed substrates, ubmerged and emerged aquatic 
plants) within the four stretches. An area of 40 m 2 at each 
site was sampled using a handnet with a mesh size of 0.5 
mm. The organisms (except easily identifiable species) 
were fixed in ethyl alcohol (70%) and identified with 
keys by ILLmS (1955), AUBERT (1959), M13LLER-LIEBE- 
NAU (1969), Fm~UDE et al. (1971 /1979), RAUSER (1980), 
SCHMEDTJE & KOHMANN (1992), BF~LLMANN (1993), 
BAUERNFEIND (1994), and WARINGER & GRAF (1997). 
To assess biological quality, the following methods 
were used to analyze macroinvertebrate data: 
• AQEM (the development and testing of an integrat- 
ed assessment system for the ecological quality of 
streams and rivers throughout Europe using benthic in- 
vertebrates) method (PAuLS et al. 2002; HERING et al. 
2003; LORENZ et al. 2004): This method is based on 
macroinvertebrate taxa lists, derived from a standard- 
ized sampling procedure and sampling processing tech- 
nique. The taxa lists are used to calculate amultimetric 
index (EQIM: Ecological Quality Index using benthic 
Macroinvertebrates). The EQIM covers several metric 
groups (functional guilds, sensitive/tolerant taxa, diver- 
sity indices, etc.) and provides asound measure to assess 
the impact of hydromorphological degradation on the 
macroinvertebrate community. The index includes a 
newly developed German Fauna Index (GFI) and the 
percentage ofPlecoptera, detritus feeders, rheophilic or- 
ganisms and species with lithal or pelal preferences 
(LORENZ et al. 2004) for this stream type. 
The GFI itself represents a tolerance measure to eval- 
uate the hydromorphological st tus of a site (sample). It
is based on taxa that are sensitive/tolerant of certain hy- 
dromorphological attributes such as wooded ebris, bed 
substrates and bank fixation (rip rap). A detailed list of 
indicator taxa can be found in Loa~Nz et al. (2004). 
Besides the multimetric index, a software tool 
(AQEM assessment program: www.aqem.de) calculates 
the revised German Saprobic Index (ROLAUFFS et al. 
2004). 
The advantage of multimetric assessment systems i  
well documented (e.g. BARBOUR et al. 1999; HEPaNO et 
al. 2004): in comparison to single metric indices, multi- 
metrics provide a sound measure that is relatively insen- 
sitive to extreme values. Furthermore, the component 
metrics imultaneously display functional deficits of the 
benthic ommunity, for example a lack of certain feed- 
ing types or a dominance of lentic species. 
• Specific reference conditions ('Leitbild') were de- 
fined for macroinvertebrate communities by sampling 
comparable but undisturbed (near-natural) streams of 
the same landscape unit and with the aid of historical lit- 
erature. The success of a renaturalization is evaluated 
by comparing the occurrence of reference species 
('Leitarten') at the test stretch (renaturalized stretch) 
with the range observed at all reference stretches. Refer- 
ence species are organisms which are very typical for a 
distinct natural stream. They are bound to geo-hydro- 
morphological structures that determine the characteris- 
tics and value of the aquatic ecosystem, such as the 
most common microhabitats, food supply or naturally 
diverse flow conditions. Typical accompanying species 
are also very common in reference streams. However, 
they are not bound to specific stream types or hydro- 
morphologically valuable structures; they also occur in 
degraded stretches, although possibly at a different 
composition. 
• Conservation I dex (CI) was estimated according 
to GEYER & MOHLHOFER (1997). This index reflects the 
occurrence of more or less endangered target species in 
the landscape concerned. In this system, the CI classifies 
areas or water sectors into nine degrees according to 
their importance. Degree 9 means national importance 
and degree 8supraregional importance. 
Results 
Geomorphology, hydrology and hydromorphology 
The measurement of 27 cross profiles revealed the geo- 
morphologic processes occurring within the Ihle River 
in detail. Comparing the cross profiles taken in May 
2002 with those from August 2002 showed changes in 
profile area between 0.0037 and 0.2630 m 2. Using semi- 
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quantitative mapping, we found almost equal areas of 
erosion and deposition i  the renaturalized river stretch. 
The movement ofmaterial was mostly coming from the 
river bed itself. 
Sediment movement was accompanied by sorting of 
different grain sizes, which leads to an increased sub- 
strate diversity. As a typical example, the grain size dis- 
tribution of a sample at cross profile 10 (sample site 2) 
was as follows: D10:0.22 ram; Ds0:3.2 ram; D90:11.1 
mm. 
The observed geomorphological processes were rela- 
tively limited (Fig. 5) and confined to the stream channel 
(MOLLER 2002). This tendency fits well to observations 
in similar investigation areas (e.g. VEa'TER 2002). 
Despite the renaturalization measures, hydromor- 
phology could only be classified as grade 3 (moderately 
changed). A steep bed ramp and a ford have a negative 
impact on the longitudinal profile, causing a backwater 
upstream (Fig. 6). 
It was also obvious that the river bed was much too 
deep in some parts of the renaturalized stretch (Fig. 5), 
which prevented floods from inundating the valley. In 
these areas, the newly created river bed remained stable 
and displayed almost no sign of self-dynamic behavior. 
Therefore, one of the main outcomes of the measure- 
ment of success was a strong recommendation t  change 
the fiver bed height and create ameandering course (see 
conclusions). 
Tab le  1. Evaluation of the Ihle renaturalization by means of the AQEM procedure, comparison with regional reference conditions and ecomor- 
phological assessment. 
Parameter/ Sampling date Sampling reach 
Index 
1 2 3 4 Whole distance Old course 
Revised saprobic March 2002 2.05 1.93 2.02 2.08 2.03 2.15 
index, taken from August 2002 2.09 1.93 1.95 2.13 2.03 
ROLAUFFS et al. April 2003 1.98 1.88 1.96 2.07 1.98 2.17 
(2004) June 2003 2.02 1.93 1.91 2.12 2.00 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FFG Index March 2002 0.54 0.59 0.45 0.62 0.55 0.598 
August 2002 0.54 0.57 0.45 0.55 0.55 
April 2003 0.66 0.63 0.53 0.61 0.63 0.573 
June 2003 0.58 0.65 0.54 0.60 0.61 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
GFI March 2002 0.34 0.46 0.37 -0.13 0.31 0.019 
(LORENZ et al. 2004) August 2002 -0.03 0.46 0.33 -0.31 0.02 
April 2003 0.09 0.42 0.188 -0.18 0.18 0.015 
June 2003 0.16 0.38 0.100 0.19 0.02 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EQIM March 2002 3 4 4 3 3 3 
(LORENZ et al. 2004) August 2002 2 4 3 2 3 3 
April 2003 3 4 4 2 3 3 
June 2003 3 3 3 2 3 3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Similarity with March 2002 15.7 21.4 12.9 18.6 35.4 17 
reference conditions August 2002 17.1 24.3 14.3 17.1 37.3 
(%) April 2003 32.9 34.3 20.0 20.0 45.7 16 
June 2003 29.6 27.1 20.0 18.6 40.3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hydromorphological 2002 3.2 2.5 - 4.3 3.3 4.0 
grade 2003 2.7 2.5 - 4.3 3.1 4.0 
- EQIM: 'Ecological Quality Index using benthic macroinvertebrates'; multimetric index of the AQEM method; reference conditions = 5 (high 
ecological status). 
- FFG index: Functional Feeding Groups; reference conditions = 0.85 (dominance of shredders and scrapers). 
- GFI: 'German Fauna Index'; reference conditions = +2 (dominance of'positive' indicator taxa). 
- Ecomorphological class: reference conditions = 1 (natural status). 
- Similarity with reference conditions: Degree of correspondence with macroinvertebrate biocoenoses of reference (natural) streams in the 
same landscape unit: > 50% = high status. 
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Hydrobiology 
The measurement of success dearly shows the impact of 
morphological deficits on the macroinvertebrate com- 
munity (Table 1). 
Compared with the former stream course, more refer- 
ence species were encountered in the revitalized stretch. 
Valuable, structure-rich reaches upstream of the sample 
sites allowed for a quick colonization of the new water- 
course. The degree of similarity with reference condi- 
tions was 35.4% in March 2002 and reached 45.7% in 
April 2003 (Tables 1 and 2). This steady increase from 
2002 to 2003 was due to several species that indicate 
high quality: Perlodes dispar, Taeniopteryx nebulosa 
(both Plecoptera), Lype reducta (Trichoptera), and Gom- 
phus vulgatissimus (Odonata). Values above 50% are 
hardly attainable because of limited sampling areas, nat- 
ural species redundancy (competition between species 
with similar environmental demands) and the natural 
rareness of certain species. 
From the point of view of nature conservation, the 
stretch provides anationally important biotope (Conser- 
vation index CI = 9) for five species [G. vulgatissimus, 
Libellula fulva, Calopteryx virgo (Odonata), P. dispar, 
and T. nebulosa (Plecoptera)] which are in danger of ex- 
tinction. 
On the other hand, the GFI and the multimetric EQIM 
assign a 'moderate ecological quality' (class 3) for sam- 
ples of the whole revitalized reach. An exception is a rif- 
fle area (stretch 2) with a relatively high substrate diver- 
sity (see geomorphology) for which a 'good ecological 
status' was calculated. Thus, the ecological quality of the 
revitalized course corresponds with the results of the hy- 
dromorphological mapping (Table 1). 
In contrast, the EQI M result for the former course 
seems too high compared with the hydromorphological 
method and considering that the number of species in the 
newly created watercourse (109) was much higher than 
in the former main course (59). Furthermore, the latter 
stretch was colonized by only 16-17% of reference 
species (Table 1). 
A too high profile depth, partially monotonous flow 
conditions, stagnation due to a backwater and absence of 
shading and wooded ebris are the major hydromorpho- 
logical deficits within the revitalized stretch. These con- 
ditions attract limnophilous pecies (38 of a total of 109 
species). This may also be the reason for a low FFG 
(Functional Feeding Groups) Index, which resulted from 
the high proportion of filter feeders and deposit collec- 
tors. However, the Saprobic Index, which is a measure 
of organic load, reveals good water quality in all reaches 
(Table 1). Therefore, it is obvious that an ecological im- 
provement of the stream is only possible by an increase 
of the hydromorphological grade. 
Discussion and Conclusions 
Methodology of success measurement 
While searching for the objectives of 57 renaturalization 
projects in Germany, GUNI~L (1996) found the follow- 
ing priorities: 
• Enhancement ofnatural form (40%) 
• Restoration of biotopes (20%) 
• Enhancement ofa dynamic development, reduction 
of erosion, water etention (28%) 
• Enhancement of self-purification (10%) 
• Recreational use (2%). 
The measurement of success of revitalization projects 
must reveal the degree to which the demands and objec- 
tives are fulfilled. Because the aims include biological, 
hydrological, geomorphological, nd hydromorphologi- 
cal aspects, extensive methods are necessary for its im- 
plementation. 
If, as a starting point, selected reference stretches 
are taken that (nearly completely) fulfill all the func- 
tions of a natural water body, the evaluation of a test 
site using reference conditions (comparison method) 
has to be the main strategy of an integrated assessment 
(EU 2000). In our case, 35% of found species were 
limnophilous and atypical for flowing water bodies. 
Their presence in higher abundances also decreases 
several indices. 
There is no doubt that much time and manpower is 
necessary to apply the comparison method. With only 23 
stream types, the German stream typology is very 
coarse. Hence, this typology cannot completely repre- 
sent regional differences. Thus, in different streams of 
the same stream type but in different regions, the simi- 
larity of, for example, macroinvertebrate communities 
may be relatively low (BOHMER 2002). Consequently, 
reference conditions must be refined using comparable 
water bodies in the same landscape unit. With compre- 
hensive, large scale renaturalization programs, these ef- 
forts should be invested to achieve ahigh quality method 
of success measurement. 
However, even in the small German federal state of 
Saxony-Anhalt, here are 38 different landscape units. 
Most of them are intensively used; reference stretches 
do not exist. Under such conditions and also for small- 
scale activities that do not justify intensive fforts to de- 
fine reference conditions, the use of indices (multimet- 
tics) such as the standardized EQIM is promoted. Our re- 
sults show that these indices provide valuable informa- 
tion about he functionability of a stream in addition to 
the reference-based 'comparison method'. The GFI 
evaluates the ecomorphology from the organism's point 
of view. Consequently, streams with diverse hydromor- 
phology (substrate diversity, high percentage ofwooded 
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Table 2. Reference conditions for macroinvertebrates of the lhle. 
Taxonomic Family Species Reference Typical Presence in Ihle River 
group species accompanying 
species 2002 2003 
Bivalvia Sphaeriidae Pisidium nitidum x 
Pisidium obtusale x 
Pisidium personatum x 
Pisidium subtruncatum x 
Pisidium tenuilineatum x 
Sphaerium comeum x 
Sphaerium fivicola x 
Sphaerium sofidum x 
Unionidae Unio crassus x 
Unio pictorum x 
Gastropoda Ancylidae Ancylus fluviatilis x x x 
Bithynidae Bithynia tentaculata x x x 
Lymnaeidae L ymnaea stagnalis x x x 
Radix ovata x x x 
Stagnicola palustris x x x 
Neritidae Theodoxus fluviatilis x 
Planorbidae Anisus vortex x x x 
Bathyomphalus contortus x x x 
Gyraulus albus x x x 
Planorbis planorbis x x x 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Crustacea Asellidae Assellus aquaticus x x x 
Gammaridae 5arnmarus pule)( x x x 
Gamrnarus roeseli x x x 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Coleoptera Dytiscidae Agabus biguttatus x x x 
Agabus bipustulatus x x x 
Guignotus pusillus x x x 
Ilybius fuliginosus x x 
Laccophilus hyalinus x x x 
Platambus maculatus x x x 
Potamonectes depressus x x x 
Elmidae Elmis aenea x 
Elmis maugetii x x x 
Limnius volckmari x 
Oulimnius tuberculatus x x x 
Gyrinidae @rinus substriatus x x x 
Orectochilus villosus x 
Haliplidae Brychius elevatus x 
Haliplus fluviatilis x x x 
Haliplus laminatus x x x 
Haliplus lineatocollis x 
Hydraenidae Helophorus brevipalis x 
Hydraena gracilis x 
Hydraena @aria x 
Limnebius truncatellus x 
Ochtebius marinus x 
Hydrophilidae Anacaena globulus x x x 
Scirtidae E/odes pseudominuta x 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Diptera Limoniidae Dicranota sp. x 
Simulidae Simulium ornatum x x x 
Simulium trifasciatum x 
Ta ban idae Tabanus sp. x x x 
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Table 2. (Continued). 
Taxonomic Family Species Reference 
group species 
Typical Presence in Ihle River 
accompanying 
species 2002 2003 
Ephemeroptera Baetidae Baetis fuscatus x 
Baetis rhodani x 
Baetis scambus x 
Baetis vemus 
Centroptilum luteolum 
Caenidae daenis macrura 
Ephemerellidae Serratella ignita x 
Ephemeridae Ephemera danica x 
Heptageniidae Electrogena affinis x 
Heptagenia flava x 
Heptagenia sulphurea x 
Rhitrogena semicolorata x 
Leptophlebiidae Habrophlebia fusca x 
Paraleptophlebia submarginata x 
X 
X 
X X 
X X 
X X 
X 
X 
X X 
X X 
X X 
X X 
X X 
x x 
Siphlonuridae Siphlonurus aestivalis 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Trichoptera Beraeidae Beraea pullata x 
x Beraeodes minutus 
Brachycentridae Brachycentrus subnubilus x 
Ecnomidae Ecnomus tenellus x 
Glossosomatidae Agapetus fuscipes x 
51ossosoma conformis x 
Goeridae Goera pilosa x 
Silo nigricomis x 
Silo pa//ipes x x x 
Hydropsychidae Cheumatopsyche lepida x 
Hydropsyche angus@ends x x x 
Hydropsyche pellucidula x x x 
Hydropsyche saxoncia x x x 
Hydropsyche siltalai x x x 
Hydroptiidae Ithytrichia lamellaris x 
Lepidostomatidae Lasiocephala basalis x 
Lepidostoma hirtum x x 
Leptoceridae Adicella reducta x 
Athripsodes aterrimus x x 
Limnephilidae Anabolia furcata x 
Anabo/ia nervosa x x x 
Chaetopteryx villosa x 
Halesus digitatus x 
Halesus radiatus x x x 
Ironoquia dubia x 
Limnephilus affinis x 
Limnephilus flavicomis x x x 
Limnephilus lunatus x x 
Limnephilus rhombicus x x x 
Limnephilus sparsus x 
Limnephilus stigma x 
Limnephi/us vittatus x x x 
Microptema lateralis x 
Potamophylax /atipennis x x x 
Potamophylax rotundipennis x x x 
Mollanidae Molanna angustata x x x 
Polycentropidae Neureclipsis bimaculata x 
Plectrocnemb conspersa x 
Polycentropus flavomaculatus x x x 
Psychomidae Lype reducta x x 
Psychomya pusilla x 
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Table 2. (Continued). 
Taxonomic Family Species Reference Typical Presence in Ihle River 
group species accompanying 
species 2002 2003 
Rhyacophilidae Rhyacophila fasciata x x 
Rhyacophila nubi/a x x x 
Sericostamatidae Notidobia d/iaris x 
Sericostorna personatum x x x 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Megaloptera Sialiidae Sia/is fu/iginosa x 
Sialis lutaria x x x 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Plecoptera Capniidae Capnopsis schilleri x 
Chloroperlidae Isoptena serricomis x 
Leuctridae Leuctra fusca x 
Leuctra geniculata x 
Leuctra nigra x x x 
Nemouridae Amphinemura sulcicollis x 
Nemoura cinerea x 
Nemurella pictetii x x x 
Perlodidae Isoperla grammatica x 
Per/odes dispar x x 
Taeniopterygidae Taeniopteryx nebu/osa x x 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Odonata Aeshnidae Aeshna cyanea x x x 
Calopterygidae Ca/opteryx splendens x x x 
x x Calopte~x virgo x 
Coenagrionidae Coenagrion mercuriale x 
Coenagrion ornatum x 
Cordulegasteridae Cordulegaster boltoni x 
Gomphidae Gomphus vulgatissimus x x 
Ophiogornphus serpentinus x 
Libellulidae Libe//u/a fu/va x x x 
Total number 70 26 31 
Percentage (ref. species) 37.1 45.7 
Table 3. Advantages and disadvantages of methods for measuring the success of stream renaturalization. 
Method/approach Advantages/possibilities Disadvantages/problems 
Comparison method (Similarity of reference 
conditions in ecomorphology and selected 
biological assemblages with the 
renaturalized waterbody) 
Indices (metrics)in relation 
to ecomorphology 
(FFG index, GFI) 
Saprobic Index as a measure of pollution 
Conservation index as a measure 
of conservation value 
Multimetric index EQIM as a measure 
of ecological integrity 
Achieved degree of naturalness can be 
estimated relatively safely; 
Ecomorphological mapping can identify 
reasons for biological deficiencies 
Degree of structural degradation and distinct 
aspects of ecological functionability can be 
estimated by means of biological methods 
Self-purification over a renaturalized distance 
can be measured 
Measure of the habitat and refuge function 
Holistic stream-type-specific measure for 
the hydromorphological state and quality 
of a water body 
High demands in manpower; 
absence of reference conditions 
in many landscape units 
Only limited expressiveness about the kind 
of structural deficiencies; no relation to 
the specific conditions of the landscape 
unit 
Only organic load can be estimated 
Rare species can also inhabit disturbed 
ecosystems 
Relatively low sensitivity to regional 
features; no relation to the specific 
conditions of the landscape unit 
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Fig. 7. Longitudinal profile of the renaturalized stretch of the Ihle River showing the recommended new river bed height. After removal of the 
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Fig. 8. Recommended extension of the river between stations 0+642 and 0+840 by creating a meandering course. 
debris, rich and diverse bank and bottom structure) dif- 
fer from impoverished water bodies by 
• the presence of indicator species for special struc- 
tures (e.g. wooded ebris, riffle reaches, lentic areas), 
• a higher number of taxa [especially Ephemeroptera, 
Plecoptera, Trichoptera, Coleoptera (EPTC)] and 
• a higher diversity (LORENZ et al. 2002). 
Therefore, it is consistent that our results of morpho- 
logical mapping correspond very well with the GFI and 
the EQI M. 
However, stream evaluation by means of hydromor- 
phological indices also has deficiencies: 
• It lacks information about the kind and location of 
structural deficits. 
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• It does not tell us enough about biological richness 
and conservation value. This, for instance, is the reason 
why the EQI M gives a similar classification for both the 
old and the new stream course. 
• The application of the AQEM method to assess 
atypical ('problematic') structures uch as steep bed 
ramps is critical. Due to the coarse substrate and com- 
paratively steep gradient, a bed ramp represents more a 
mountainous tream than a typical section of a sand- 
dominated lowland stream. Hence, due to the presence 
of many rheophilous taxa, the EQIM overestimates the 
quality of sections with bed ramps. 
In part, these deficits are an internal consequence of
the EQIM calculation method: As mentioned above, it is 
a combination of different metrics, but real ecological 
complexity and diversity may be more than an average 
of several indices. Furthermore, this procedure has been 
developed using very general and coarse reference con- 
ditions, which cannot consider egional distinctions. 
Summarizing our experiences, we have suggested 
several usable methods to measure success, together 
with their advantages and deficits (Table 3). Only a com- 
bination of these different approaches can provide a 
comprehensive tool to evaluate the quality of a renatu- 
ralization project. 
In the future, the macroinvertebrate-based m thods 
should be supplemented by methods that use macro- 
phytes and fishes as suggested by JEHN (2002) and 
SPEIERL et al. (2002). However, the usability of macro- 
phytes as indicators for small, sand-bed streams is limit- 
ed because of their low occurrence in reference streams 
due to shading. Furthermore, the number of fish species 
in this type of water body is relatively low. Thus, we are 
sure that approaches using macroinvertebrates will 
prove to be the most useful and expressive methods for 
small streams. 
Practical conclusions for the improvement 
of the dissatisfactory status 
On the basis of quality assessment, we were able to draw 
practical conclusions for the improvement of renatural- 
ization projects. 
The main result of the measurement of success was 
the observation of a lack of self-dynamic geomorpho- 
logic processes. This was surprising because a flood 
event occurred uring the investigation period. Together 
with the detailed hydrobiological investigations, it was 
found that the renaturalization measures lead to an im- 
provement of the ecological situation but did not reach 
the final objective. 
Therefore, practical measures to improve the existing 
dissatisfactory status were developed. The recommenda- 
tions focused on the geomorphology of the river, in par- 
ticular the height of the river bed, the slope and the 
course of the river. Fig. 7 shows the recommended new 
river bed height in the longitudinal profile. We recom- 
mended that the steep bed ramp be covered completely. 
To achieve an acceptable slope of 0.2% in this area, we 
recommended raising the river bed over a distance of 
nearly 600 m, beginning at the upstream end of the bed 
ramp. 
Fig. 8 shows an additional recommended measure. 
The course in this part of the fiver was straightened but 
should follow a natural meander. The meander geometry 
was calculated according to MADSEN & TENT (2000). 
These authors uggest a meander wavelength of 10-14 
times the width of the river. The use of this calculation 
leads to relatively small meanders as shown in Fig. 8. 
Taking the regional conditions into consideration, a sim- 
ilar course was proposed that incorporates the existing 
trees from the old river bed from the 1960s. Fig. 8 shows 
the recommended course. 
The responsible authority is planning to put these rec- 
ommendations into practice in 2004. 
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